M
any current perioperative practices reinforce an unsustainable increase in health care expenditure. For instance, perioperative coronary revascularization does not improve outcomes in patients with stable coronary disease (1) . Similarly, perioperative stress testing benefits far fewer patients than current implementation rates justify, and indiscriminate perioperative ␤-blocker therapy can cause harm when not directed to clearly defined, at-risk patient populations (2, 3) . Perioperative medicine has thus come to represent an excellent target for health care reform.
The 2007 focused update to the joint American College of Cardiology/American Heart Association (ACC/ AHA) Guidelines on Perioperative Cardiovascular Evaluation and Care for Noncardiac Surgery (4) recommends perioperative testing and treatments only for specific cardiac conditions ( Table 1) . This perspective discusses how current perioperative practice conflicts with trial-derived evidence. By implementing the ACC/AHA guidelines and heeding the evidence, perioperative costs and outcomes can be favorably affected.
SCREENING STABLE PATIENTS BEFORE NONCARDIAC SURGERY: A FAILED STRATEGY
The pathophysiology of perioperative cardiac events is complex. Catecholamine surges occur during surgery, producing elevations of heart rate and blood pressure. Heightened vasomotor reactivity and an increase in circulating coagulation factors further augment the risk for perioperative cardiovascular events (5).
It was not illogical to believe that preoperative coronary revascularization might afford protection in this situation. Working with the CASS (Coronary Artery Survival Study) investigators, we performed the largest retrospective study to date to assess whether preoperative revascularization reduced the risk for subsequent cardiac events (6) . Over 10 years, 1961 patients undergoing high-risk surgery had fewer outcomes of postoperative death (1.7% vs.
3.3%; P ϭ 0.03) and myocardial infarction (0.8% vs. 2.7%; P ϭ 0.02) after coronary bypass than medically managed coronary disease. The strategy of screening stable patients for coronary artery disease (CAD) before noncardiac surgery to identify candidates for revascularization seemed valuable, and perioperative revascularization thus emerged as a risk-reducing procedure.
In hindsight, this strategy failed for several reasons. First, the studies that suggested benefit by this approach were retrospective and were conducted almost exclusively in vascular surgery populations (7) (8) (9) . Consequently, participants in these studies who underwent revascularization may have done so for indications other than the upcoming surgery itself. This was confirmed in a substudy of CASS in which perioperative coronary revascularization benefited only patients with poor left ventricular ejection fraction, peripheral arterial disease, and 3-vessel CAD (9) . Additional studies also questioned the benefit of routine revascularization among patients with stable CAD. The COURAGE (Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation) trial (10) compared percutaneous coronary intervention and optimal medical therapy with optimal medical therapy alone. At a median follow-up of 4.6 years, COURAGE investigators found no differences between the 2 study groups with respect to death or myocardial infarction (10) . The BARI 2D (Bypass Angioplasty Revascularization Investigation in Diabetes-2) study (11) also found no advantage of revascularization over intensive medical therapy among diabetics with stable CAD. The findings of CASS, COURAGE, and BARI 2D emphasize that coronary revascularization beyond excellent medical therapy may offer no substantial benefit in stable patients, regardless of operative status.
Second, autopsy studies of patients with perioperative myocardial infarction frequently found that their fatal event originated from nonstenotic coronary arteries (12). Whereas we search for occlusive epicardial CAD, as many as half of perioperative myocardial events occur because of the rupture of angiographically benign "vulnerable" plaque (13) . The best preoperative testing fails to reliably identify these otherwise quiescent lesions.
Third, evidence from randomized, controlled studies suggests that patients with stable coronary disease do not benefit from preoperative coronary revascularization. Investigators of the CARP (Coronary Artery Revascularization Prophylaxis) study (1) randomly assigned veterans with stable CAD who were scheduled to undergo vascular surgery to either preoperative medical therapy or coronary revascularization. After 2.7 years of follow-up, no difference in myocardial infarction or mortality was found in either group (1). Garcia and colleagues (14) recently performed a secondary analysis of CARP and confirmed that regardless of clinical risk, patients with stable CAD receiving excellent medical therapy derived no additional benefit from preoperative coronary revascularization.
Targeting coronary revascularization to patients with high-risk coronary anatomies undergoing high-risk surgery seems no more advantageous. The DECREASE-V (Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress Echocardiography V) pilot study (2) hypothesized that perioperative revascularization would improve clinical outcomes in patients with stress-defined extensive CAD.
Although small, the study reported that revascularization did not change the composite end point of death or myocardial infarction at 30 days (43% vs. 33%; odds ratio, 1.4 [95% CI, 0.7 to 2.8]; P ϭ 0.30) or at 1 year (49% vs. 44%; odds ratio, 1.2 [CI, 0.7 to 2.3]; P ϭ 0.48). A longterm follow-up study of DECREASE-V showed no delayed benefit of coronary revascularization over medical treatment for the outcomes of death or cardiac events at 2.8 years (hazard ratio, 1.35 [CI, 0.72 to 2.52; P ϭ 0.36]) (15) .
UNDERSTANDING THE FAILURE OF PERIOPERATIVE REVASCULARIZATION
Perioperative revascularization does not benefit patients with stable CAD for 2 reasons. First, our "gold standard" for detecting coronary disease and determining its severity may not be as accurate as we once thought. As studies with intravascular ultrasonography, magnetic resonance-enhanced imaging, and coronary fractional flow emerge, we recognize that coronary arteries may be diffusely diseased yet appear remarkably normal on angiographic imaging (16) . Coronary disease is far more complex than the number of diseased vessels, plaque burden, or morphologic characteristics: It is the biology rather than the anatomy of coronary arteries that matters most. Coronary revascularization may not reduce the risk for coronary thrombosis, vasospasm, or plaque rupture, and these mech- 
Key Summary Points
Perioperative tests and treatments improve cardiac outcomes only when targeted to clearly defined patient subsets.
Clinical trials have shown no additional benefit of cardiac testing in patients at low to moderate risk for perioperative cardiovascular events.
Perioperative coronary revascularization can cause harm and does not improve clinical outcomes, even in high-risk patients.
Perioperative ␤-blockers at doses titrated to heart rate and blood pressure can reduce risk in high-risk patients.
Implementing the American College of Cardiology/American Heart Association perioperative guidelines can improve clinical outcomes and reduce perioperative costs.
Perioperative practice must strive to become more evidence-based in an era of unprecedented and increasing health care costs.
anisms are central to the precipitation of perioperative cardiac events. Second, coronary revascularization has its own inherent problems. Bypassing stenotic arteries and opening occluded vessels may trigger as many events as it prevents (17) . Numerous studies have shown that coronary revascularization does not reduce cardiac risk in clinically stable patients with either single-vessel or multivessel coronary disease, but it does substantially increase perioperative cost (1, 8, 9, 14, 15) .
ROUTINE APPLICATION OF PERIOPERATIVE MEDICAL THERAPIES: A FORMULA FOR HARM
Applying medical therapies to reduce risk in patients with stable CAD (or to those with risk factors but no documented CAD) also increases perioperative peril and expense. A retrospective study of 122 338 Medicare beneficiaries suggested that perioperative ␤-blockers were beneficial only in patients with Revised Cardiac Risk Index scores of 2 (intermediate risk) or greater and were potentially harmful because of bradycardia and hypotension in those with Revised Cardiac Risk Index scores of 0 or 1 (low risk) (18) . The DECREASE-IV study confirmed that intermediate-risk participants (n ϭ 533) who received perioperative bisoprolol titrated to heart rate and blood pressure had a lower incidence of cardiac death or myocardial infarction at 30 days than did control participants not receiving this treatment (2.1% vs. 6.0%; hazard ratio, 0.34 [CI, 0.17 to 0.67]; P ϭ 0.002) (19) . In contrast, POISE (Perioperative Ischemic Evaluation Study) reported that participants receiving perioperative metoprolol succinate, 200 mg/d, had improved cardiac outcomes; however, this apparent benefit was dramatically offset by increases in mortality, ischemic stroke, and sepsis compared with those receiving placebo (3) .
The findings of POISE highlight the danger of administering perioperative ␤-blockers to intermediate-or lowrisk patients at doses not carefully titrated to hemodynamic variables (20) . Perioperative cardiac event rates in patients with stable CAD are far lower than those of patients with 
REDUCING PERIOPERATIVE COSTS AND IMPROVING CLINICAL OUTCOMES
The ACC/AHA guidelines provide an algorithm that improves perioperative outcomes and reduces unnecessary testing and treatments. Through an educational program emphasizing these guidelines, our preoperative clinic improved test appropriateness and clinical outcomes while reducing cost by 50% to 75% in patients scheduled to undergo aortic surgery (23). Similarly, implementation of the guidelines in a general internal medicine preoperative clinic reduced exercise stress testing and length of stay while maintaining a low rate of complications (24). These studies illustrate how application of the guidelines can result in less "discretionary" testing or revascularization and more appropriate use of medical therapy, preserving a low rate of adverse outcomes. Physicians may struggle with implementing this evidence-based doctrine for various reasons, including legal concerns regarding perioperative cardiac events, pressure from surgical colleagues, and an inherent dependence on testing-or procedure-related income. It is thus imperative that any form of health care reform incentivize and link evidence-based care to payment. It is the quality of care, not the quantity of tests, that matters most.
CONCLUSION
Health care-related costs in the United States continue to increase in a manner disproportionate to the prevalence of existing disease. In perioperative medicine, the evidence has shown little clinical benefit and the potential for harm from current practices. We must become more evidence-driven if we are to deliver better perioperative care in a cost-effective manner. The economic climate calls for restrained testing and increased discretion in perioperative medicine. It is time for us to throttle back.
